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Multi-Scale Low-Rank Blind Image Deblurring Method

ZHOU Zhihao, ZHANG Yulong, TANG Qifan, YAN Jintao

(School of Software Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Most existing single image blind deblurring methods based on statistical priors suffer a
poor texture restoration and ringing artifacts. A multi-scale blind image deblurring method based
on patch-wise local maximum gradient prior and low rank prior is proposed in this paper.
Specifically, we choose a coarse-to-fine multi-scale framework to construct an image pyramid via
gray-scale and down-sampling operations layer by layer. At the single-scale level, the patch-wise
local maximum gradient prior and the low-rank prior are put into the MAP framework, and then
both the intermediate latent image and blur kernel are estimated with the alternating direction
method of multiplier and the half-quadratic splitting method. We finally obtain the sharp image
by performing non-blind deconvolution for the blurred image and estimated kernel based on
hyper-Laplacian prior and total variation-L, method. Solving the low-rank regularization directly
is computationally expensive, we thus transform the sub-problem of low-rank regularization term
constrained by weighted Schatte-1/2 norm into a sub-problem of non-convex weighted L,,;-norm,
and then adopt the generalized soft-thresholding method (GST) to achieve the global optimal

solution. Experimental results and comparisons with the existing classical image deblurring
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methods on the benchmark datasets show that the proposed method facilitates a better image

deblurring performance. After image deblurring on Kéhler synthetic dataset, the average peak

signal-to-noise ratio reaches 30. 06 dB, the average structural similarity reaches 0. 946 5, and the

estimated blur kernel gets more accurate.

Keywords: blind image deblurring; L,-norm; weighted Schatte-1/2 norm; generalized

soft-thresholding method
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blurred image and sharp image
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Fig. 2 Framework of multi-scale deblurring method
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Fig. 7 Experimental results verifying effectiveness of low-rank regularization terms
A1 Lai FHBE™ L8y ro 2 sim
Table 1 r., and sy, values on the dataset of Lai et al. (23]
img1l img2 img3 img4
VRS
Fonp/dB Saim Tanp/dB Saim Tanp/dB Ssim Tanp/dB Ssim

Pan 4[] 17.52 0.484 5 12. 40 0.382 2 16. 90 0.462 5 12.31 0.390 1
Chen %:15] 18. 36 0.547 1 14. 25 0.437 5 17.55 0.468 5 13.85 0.458 4
Liu &1 18.13 0.5215 14. 68 0.449 6 17.18 0.463 9 13.76 0.456 0

PLMG 18. 30 0.539 3 14. 45 0.439 0 17. 29 0.466 1 13. 64 0.455 0
PLMG-Sp 19.53 0.574 1 14. 82 0.452 8 17.12 0.465 3 14. 28 0.481 0

U+ 72 P AIDRLIGE S B 0 £

3.4.2 EATEbE 4 IRTER 6 Wi KR LiKE A EE Pan 2550 Chen 2577 | Liu 2™ {7 sk

ATHHEI e 2 ok, Al LLE Y PLMG )7 i 78 i [A] AR A R AR B O T T R AT R T s A TR
k2 A FrikthiEfTet A &tk

Table 2 Running time comparison of each algorithm

BT IE] /s

SRS - -
FG R~ /4% Pan %0 Yan 2% Chen %) Cho %P2 Liu (2] PLMG PLMG-Sp
Woman 284 X365 193. 8 142.7 87.7 16. 7 177. 2 65. 4 93.9
Fountain 771 X513 706. 2 291.5 337.2 28.8 652. 8 164.7 258. 6
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